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OBJECTIVE — To assess the possibility of improving nocturnal glycemic control as well as 
meal glycemic response using closed-loop therapy in children aged <7 years. 

RESEARCH DESIGN AND METHODS— This was a randomized controlled crossover 
trial comparing closed-loop with standard open-loop insulin pump therapy performed in an 
inpatient clinical research center. Ten subjects aged < 7 years with type 1 diabetes for > 6 months 
treated with insulin pump therapy were studied. Closed-loop therapy and standard open-loop 
therapy were compared from 10:00 p.m. to 12:00 p.m. on 2 consecutive days. The primary out- 
come was plasma glucose time in range (1 10-200 mg/dL) during the night (10:00 p.m -8:00 a.m.). 
Secondary outcomes included peak postprandial glucose levels, incidence of hypoglycemia, 
degree of hyperglycemia, and prelunch glucose levels. 

RESULTS — A trend toward a higher mean nocturnal time within target range was noted for 
closed- versus open-loop therapy, although not reaching statistical significance (5.3 vs. 3.2 h, P = 
0.12). There was no difference in peak postprandial glucose or number of episodes of hypogly- 
cemia. There was significant improvement in time spent >300 mg/dL overnight with closed-loop 
therapy (0.18 vs. 1 .3 h, P = 0.035) and the total area under the curve of glucose >200 mg/dL (P = 
0.049). Closed-loop therapy returned prelunch blood glucose closer to target (189 vs. 273 mg/dL 
on open loop, P = 0.009). 

CONCLUSIONS — Closed-loop insulin delivery decreases the severity of overnight hyper- 
glycemia without increasing the incidence of hypoglycemia. The therapy is better able to rees- 
tablish target glucose levels in advance of a subsequent meal. Younger children with type 1 
diabetes may reap significant benefits from closed-loop therapy. 



In 1993, the landmark Diabetes Control 
and Complications Trial showed that 
intensive insulin therapy reduced the 
rate of long-term microvascular compli- 
cations from type 1 diabetes (1). How- 
ever, this improved glycemic control 
came at the cost of significantly increased 
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rates of hypoglycemia. Since that time, 
there have been many efforts to improve 
glycemic control with the goal of devel- 
oping a completely automated artificial 
pancreas, i.e., closed-loop insulin ther- 
apy. Closed-loop insulin therapy involves 
the integration of continuous glucose 



monitoring (CGM) with continuous subcu- 
taneous insulin delivery via a computer- 
driven mathematical algorithm that 
calculates insulin dosage (2). In adults 
and older children, closed-loop therapy 
has been shown to improve glycemic con- 
trol while decreasing rates of hypoglyce- 
mia (3-7). There has been little research 
regarding closed-loop insulin therapy in 
very young children who are particularly 
vulnerable to frequent episodes of hypo- 
glycemia. 

Management of type 1 diabetes in 
very young children is especially difficult 
because of unpredictable eating patterns, 
erratic activity level, and increased sus- 
ceptibility to severe hypoglycemia (8,9). 
Furthermore, children diagnosed with 
type 1 diabetes at a younger age have in- 
creased risk of long-term neuro cognitive 
dysfunction, which may be related to 
episodes of severe hypoglycemia (10,11). 
A study of CGM in children aged <7 
years found that episodes of hypoglyce- 
mia occurred on 28% of nights (12). This 
problem will only become of greater sig- 
nificance, as the incidence of type 1 dia- 
betes is increasing worldwide with the 
most rapid increase in children aged <5 
years (13). One study estimated a dou- 
bling of the number of children aged <5 
years diagnosed each year with type 1 di- 
abetes by the year 2020 (14). While there 
have been substantial technological ad- 
vances with the advent of insulin pumps 
and CGM, a recent trial of CGM use in young 
children showed no benefit in glycemic 
control or decrease in rates of hypoglyce- 
mia (15). Novel strategies for treating 
these young children are desperately 
needed. Closed-loop therapy has the poten- 
tial to markedly improve young children's 
diabetes care. We performed a random- 
ized crossover inpatient study comparing 
closed-loop therapy with standard open- 
loop insulin pump therapy in children 
aged <7 years with type 1 diabetes. 

RESEARCH DESIGN AND 
METHODS — Subjects were recruited 
from the diabetes clinic at Boston Children's 
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Hospital between September 2011 and 
April 2012. Eligibility criteria included 
type 1 diabetes diagnosed by a pediatric 
endocrinologist, age < 7 years, duration of 
diabetes >6 months, and insulin pump 
use >6 weeks. Subjects were excluded 
for any significant comorbid illnesses ex- 
cept for treated celiac disease. The proto- 
col was approved by the institutional 
review board at Boston Children's Hospi- 
tal. Written informed consent was ob- 
tained from a parent of each subject. Each 
subject was admitted to the inpatient 
clinical research center for a single 45-h 
admission. This study was a crossover 
controlled trial comparing standard 
open-loop therapy with closed-loop ther- 
apy from 10:00 p.m. to 12:00 p.m. on each 
day of the hospitalization (Fig. 1). The or- 
der of administration of the two modes of 
therapy was randomized from a computer- 
generated list. The individual assignments 
were sealed in sequentially numbered 
envelopes, which were opened after en- 
rollment and consent. 

Procedures 

On the morning of admission, two CGMs 
(Abbott Freestyle Navigator; Abbott Di- 
abetes Care, Alameda, CA) were placed in 
the thighs of each subject. An initial blood 
glucose calibration was performed at 1 h. 
Subjects then returned for admission at 
3:00 p.m., when a repeat calibration was 
performed. Calibrations were then per- 
formed at 10 and 24 h postinsertion as 
per the manufacturer's recommendation. 
Additional calibrations for discrepancy 
between the sensor and venous glucose 
were not done. By convention, the sensor 
in the right leg was used for running the 
closed-loop algorithm except in one case 
when sensor data from the right sensor 
were unavailable at 10:00 p.m., in which 



case the left-leg sensor was used. The sen- 
sor used for control was never switched 
during the study. 

On admission, an intravenous cathe- 
ter was placed for frequent blood sam- 
pling. All subjects were switched to the 
study OneTouch Ping insulin pump 
(Animas Corporation, West Chester, 
PA), which was preprogrammed with 
their home settings. A new infusion set 
was placed. All subjects received insulin 
aspart for the duration of the study. Meals 
and snacks were served on the following 
schedule: dinner, 5:00 p.m.; bedtime 
snack, 8:00 p.m.; breakfast, 8:00 a.m.; 
morning snack, 10:00 a.m.; lunch, 12:00 
p.m.; and afternoon snack, 3:00 p.m. This 
represents a typical meal schedule for 
children with diabetes in this age-group. 
Parents chose the subjects' meals off a 
standard menu, and identical meals and 
snacks were served on both days of the 
study. All meals and snacks were pre- 
and postweighed to assess intake. 

At 5:00 p.m. and 8:00 p.m. on both days, 
an insulin bolus was given for dinner and 
bedtime snack based on the subject's blood 
glucose level and planned carbohydrate 
intake, using the subject's home carbohy- 
drate ratios, correction factors, and blood 
glucose targets. The insulin-on-board fea- 
ture was activated on the OneTouch Ping 
insulin pump as per the subject's home in- 
sulin pump settings. The study period 
commenced at 10:00 p.m. From 10:00 p.m. 
to 7:40 a.m., venous blood glucose values 
were obtained every 20 min. From 7:40 
a.m. to 8:40 a.m., venous samples were ob- 
tained every 10 min for glucose and insulin 
levels, followed by every 20 min until 
10:00 a.m., and then samples were obtained 
at 10:30 a.m., 11:00 a.m., and 12:00 p.m. 
Fasting serum C-peptide levels were drawn 
at 8:00 a.m. on the open-loop day. 
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Figure 1 — Study design. 



During open-loop therapy, insulin bo- 
luses were given at 8:00 a.m. and 10:00 a.m. 
per the subject's home insulin routine. For 
the 10:00 a.m. snack, carbohydrate cover- 
age was given but a correction dose of in- 
sulin for hyperglycemia was not given, as 
the subject had received a bolus of insulin 
for breakfast 2 h prior. Basal rates were not 
adjusted overnight during open-loop 
therapy, but an additional correction 
dose of insulin could be given for hyper- 
glycemia at the parents' discretion to 
mimic their standard home therapy. Dur- 
ing closed-loop therapy, insulin basal rates 
were adjusted every 20 min overnight 
from 10:00 p.m. to 8:00 a.m., and mini- 
boluses of insulin (0.05-0.1 units) were 
given up to every minute from 8:00 a.m. 
to 12:00 p.m.. Delivery rates were calcu- 
lated using closed-loop algorithms (de- 
scribed below) but with the dose 
approved by a physician and administered 
via manual entry by the physician into the 
pump. All episodes of hypoglycemia de- 
fined as plasma glucose < 70 mg/dL were 
treated with oral carbohydrates (juice or 
glucose tabs). One subject (subject 4) 
did not receive the dinner insulin bolus 
on the open-loop therapy night as the re- 
sult of an error. A correction dose of in- 
sulin was given with the bedtime snack at 
8:00 p.m. (See Supplementary Fig. 4 for 
details.) 

Closed-loop control system 

Different algorithms were used to effect 
control during the nighttime (10:00 p.m. 
to 8:00 a.m.) and daytime (8:00 a.m. to 
12:00 p.m.) closed-loop periods. During 
the nighttime, control was effected with a 
proportional-integral component in series 
with a proportional-derivative component. 
The proportional-integral component rec- 
ommended stepwise increases in the basal 
rate whenever sensor glucose was above 
target (150 mg/dL, 10:00 p.m.-6:00 a.m.; 
120 mg/dL, 6:00 a.m.-8:00 a.m.) and not 
returning to target at a desired rate: [(sensor 
glucose — target)/^], where T x is 120 min. 
This was modified by the proportional- 
derivative component to be accompanied 
by a bolus (bolus = basal change in units 
per minutes X T D , where T D is 30 min). 
Recommendations were made every 
20 min with the aid of a spreadsheet 
(Microsoft Excel). 

At 8:00 a.m., control was transferred 
to an algorithm using a proportional- 
integral component in parallel with a 
proportional-derivative component. The 
proportional-integral component increased 
the anticipated basal rate whenever sensor 
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glucose was above target (120 mg/dL) and 
not returning to target at a desired rate: 
[(sensor glucose — target)/!^, where 
Ti = 60 min. The anticipated basal rate 
was then summed with the proportional- 
derivative component, which recom- 
mended insulin delivery be adjusted in 
proportion to the sensor glucose value ex- 
pected at a future time point (sensor glu- 
cose + T D X rate of change of sensor 
glucose, where T D = 120 min). The sum 
of the two components was then modified 
by insulin feedback as previously de- 
scribed (5,16) but with pharmacokinetic/ 
pharmacodynamic profiles obtained in 
children (17,18). The modified rate 
(units/hour) was then converted to a series 
of 0.05-unit boluses and delivered to the 
subject on a minute- to-minute interval as 
needed, with blood glucose assessed every 
10-20 min. 

During the study (subject 6 and for- 
ward), the nighttime control configura- 
tion was modified to reduce the desired 
rate for glucose to return to target (T x in- 
creased from 60 to 120 min), reduce the 
bolus accompanying each change in basal 
rate (T D reduced from 60 to 30 min), and 
add insulin feedback. No changes were 
made in the daytime control algorithm. 

Venous glucose was measured on 
the HemoCue Glucose 201 DM Analyzer 
(HemoCue, Cypress, CA) and is reported 
as plasma equivalents. Plasma insulin was 
measured using a chemiluminescent im- 
munoassay (Beckman Coulter, Fullerton, 
CA). C-peptide was measured by radio- 
immunoassay (Siemens, Los Angeles, CA). 

Statistics 

Data are reported as means ± SEM unless 
otherwise indicated. Primary outcome 
was defined as plasma glucose time in 
range (110-200 mg/dL; HemoCue) dur- 
ing the night (10:00 p.m-8: 00 a.m.). Inci- 
dence of hypoglycemia (blood glucose 
<70 mg/dL as measured by the HemoCue 
meter) was combined with supplemental 
carbohydrate given to prevent hypoglyce- 
mia with paired difference in open- versus 
closed-loop control made using McNemar 
test with continuity correction. Incidences 
separated by <30 min were treated as a 
single event. Continuous outcome mea- 
sures (time in range, mean glucose, etc.) 
were compared using paired t tests as in- 
dicated. Statistical analysis was performed 
using GraphPad Prism version 6.0 for 
Windows (GraphPad Software, San Diego, 
CA). Statistical significance was taken as 
P < 0.05; correction for multiple compari- 
sons was not performed. 



RESULTS — Eleven subjects consented 
and were randomized. One subject with- 
drew after randomization but before any 
study procedures because of scheduling 
conflicts and is excluded from all analysis. 
Baseline demographics and clinical char- 
acteristics of the remaining 10 subjects are 
presented in Table 1. Subjects' ages ranged 
from 2 to 6 years (mean 5.1) with a mean 
duration of diabetes of 2.1 years. Seven 
subj ects had A 1 C values < 8 . 5 % (American 
Diabetes Association target for this age 
range [19]), and all had A1C values 
<9%. Mean daily insulin dose was 0.72 
units per kg. Fasting C-peptide levels 
were <0.1 ng/mL in all subjects. 

Six subjects were randomized to re- 
ceive closed-loop therapy on the first 
night of the admission, with the remain- 
ing four receiving closed-loop therapy 
on the second night. During closed-loop 
therapy, there was a more rapid rise in 
postprandial plasma glucose (Fig. 2A) as a 
result of the delayed delivery of insulin 
(Fig. IB). Total daytime insulin delivery 
was greater during closed-loop therapy 
(mean 5.9 vs. 4.6 units during open 
loop; P = 0.03). Five episodes of hypogly- 
cemia occurred between 12:00 p.m. and 
5:00 p.m. while the subjects were on their 
standard open-loop therapy but outside 
of the study outcome period. Individual 
profiles for all subjects are available in 
Supplementary Figs. 1-10. 

For the primary nocturnal outcome, 
a trend toward a higher mean time for 
plasma glucose within target range (1 10— 
200 mg/dL) was noted for closed- versus 
open-loop therapy (5.3 vs. 3.2 h, re- 
spectively), although this difference 
did not achieve statistical significance 
(P = 0.12) (Table 2). Closed-loop therapy 



Table 1 — Baseline demographic information 



significantly reduced time spent >300 
mg/dL (0.18 vs. 1.3 h, P = 0.035) and 
the total area under the curve of glucose 
>200 mg/dL (P = 0.049). During open- 
loop therapy, five subjects received an 
additional correction dose of insulin over- 
night due to persistent hyperglycemia (Fig. 
IB). There was no significant difference 
in the number of episodes of hypoglyce- 
mia/supplemental carbohydrate (P = 1.0). 
There were no significant differences in 
time spent below the target range or 
frankly hypoglycemic (Table 2). No sub- 
ject developed measurable urine ketones at 
any point in the study. 

There were no instances of hypogly- 
cemia between 8:00 a.m. and 12:00 p.m. in 
either group and no differences in the 
peak postprandial glucose concentration 
(Table 2). There was significant improve- 
ment in the prelunch blood glucose on 
closed-loop therapy (189 vs. 273 mg/dL 
on open-loop, P = 0.009). Breakfast and 
morning snack carbohydrate intake was 
well matched (Table 2). 

CONCLUSIONS— We performed the 
first study of closed-loop insulin therapy 
in children aged <7 years. In our study, 
closed-loop insulin delivery decreased 
the severity of overnight hyperglycemia 
without increasing time spent below 
the glucose target range. Closed-loop 
therapy was also able to return glucose 
levels closer to target in advance of 
consuming a subsequent meal. Having 
subjects in this age-group (aged <7 
years) achieve near-target glucose levels 
in a timely manner is particularly chal- 
lenging, as it is not always possible to 
predict in advance how much the child 
will eat. 



Subject 
no. 


Age 
(years) 


Sex 
(male/ 
female) 


Duration of 
diabetes 
(years) 


Weight (kg) 


HbA lc (%) 


Average daily insulin 
dose (units/kg) 


1 


5.8 


Male 


2.2 


19.5 


7.7 


0.79 


2 


6.4 


Female 


2.0 


22.5 


8.0 


0.74 


3 


4.3 


Male 


1.8 


16.2 


8.8 


0.80 


4 


5.0 


Male 


2.8 


19.2 


7.6 


0.67 


5 


4.8 


Male 


2.0 


22.5 


8.3 


0.50 




7 


5.4 


Female 


1.3 


20.9 


8.2 


0.61 


8 


6.8 


Male 


4.7 


24.4 


7.1 


0.81 


9 


4.3 


Male 


1.4 


16.9 


8.9 


0.70 


Mean (SD) 


5.1 (1.4) 




2.1(1.1) 


19.6(3.1) 


8.1 (0.7) 


0.72 (0.14) 
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Figure 2 — Comparison of average (N = 10) open- and closed-loop glucose (A) and insulin de- 
livery (B, left axis) and concentration (B, right axis) curves. MID, midnight. 



Although our study did not show an 
improvement in nighttime time in target, 
50% of the subjects received additional 
insulin boluses during the open-loop night- 
time. Generally, our protocol sought to 
mimic the subjects' home therapy during 
the open-loop study period; however, we 
worked closely with the parents in trying 
to achieve the best possible open-loop 



control and allowed additional correction 
insulin boluses to be given overnight in 
response to the frequent blood glucose 
measurements. This should have biased 
our results to the null; yet, a significant 
decrease in hyperglycemia was still ob- 
tained with the closed-loop system. Our 
study subjects likely represent a highly 
motivated subgroup of families with 



Table 2 — Outcome measures 



Outcome measure 


Open 


oop 


Closed 


loop 


P 


Nocturnal mean glucose (mg/dL) 


209 




18 


178 


-+- 


10 


0.18 


Nocturnal time (h) 


<70 mg/dL 


0.21 




0.15 


0.17 


-+- 


0.10 


0.86 


70-109 mg/dL 


0.98 


+ 


0.48 


1.1 


+ 


0.33 


0.85 


110-200 mg/dL 


3.2 




0.77 


5.3 


+ 


0.66 


0.12 


201-300 mg/dL 


4.3 




0.99 


3.2 


+ 


0.69 


0.43 


>300 mg/dL 


1.3 




0.42 


0.18 


+ 


0.08 


0.035 


Nocturnal AUC >200 mg/dL (mg/dL X h) 


384 


+ 


84 


162 


+ 


40 


0.049 


No. of interventions for hypoglycemia 




4 






5 




1.0 


8:00 a.m. fasting glucose (mg/dL) 


172 


+ 


20 


178 


+ 


24 


0.70 


Peak postprandial glucose (mg/dL) 


353 


+ 


24 


367 




23 


0.71 


AUC >120 mg/dL 8:00 a.m -12:00 p.m. (mg/dL X h) 


587 


+ 


63 


538 


+ 


63 


0.52 


12:00 p.m. prelunch glucose (mg/dL) 


273 


+ 


24 


189 


+ 


18 


0.009 


Breakfast carbohydrates (g) 


39.1 


+ 


4.0 


39.9 


+ 


4.3 


0.73 


Snack carbohydrates (g) 


21.5 


+ 


2.6 


20.6 


+ 


2.5 


0.16 


Total insulin delivered 10:00 p.m.-8:00 a.m. (units) 


2.8 


+ 


0.29 


2.9 


+ 


0.37 


0.91 


Total insulin delivered 8:00 a.m -12:00 p.m. (units) 


4.6 


+ 


0.38 


5.9 


+ 


0.59 


0.03 



Data are means ± SE. P values are paired t tests except for the number of interventions for hypoglycemia, 
which is based on McNemar test. Nocturnal refers to 10:00 p.m.-8:00 a.m. AUC, area under the curve. 



type 1 diabetes who are more likely to 
closely monitor their children's blood 
glucose and give additional correction 
doses as needed. Thus, it is likely that 
widespread implementation of a similar 
closed-loop algorithm would yield an even 
greater benefit to overnight glycemic con- 
trol, as many patients do not receive sup- 
plemental correction doses overnight. 

Parents of young children with type 1 
diabetes have a significant fear of hypo- 
glycemia, especially at night (20). In a re- 
cent randomized controlled trial, use of a 
CGM did not decrease episodes of hypo- 
glycemia in young children or fear of hy- 
poglycemia in their caregivers (15). Our 
study was not powered to detect a differ- 
ence in rate of hypoglycemia. Additional 
longer-term studies are needed to assess 
the ability of a closed-loop system to pre- 
vent hypoglycemia in young children 
and to alleviate hypoglycemia fear in 
their caregivers. A number of subjects 
did experience episodes of hypoglycemia 
during closed-loop therapy. There are 
various factors that account for these epi- 
sodes. First, our closed-loop system was 
implemented every 20 min overnight, 
which significantly hampers the algo- 
rithm's ability to rapidly adjust to changes 
in glucose values. Implementation on a 
fully automated minute-to-minute system 
will improve performance significantly. 
Second, as this is the first study of closed- 
loop therapy in this age-group, the initial 
algorithm parameters were set based on es- 
timates from adult studies. These parame- 
ters were initially too aggressive and were 
adjusted downward during the study. 
Computer modeling (21-23) of the pro- 
files obtained here may allow for optimiza- 
tion of algorithm performance and should 
lead to improved outcomes in subsequent 
clinical studies. 

Closed-loop therapy was able to pro- 
vide similar peak postprandial glucose 
concentrations and then return the glucose 
concentration closer to target prior to the 
next meal. Typically, open-loop therapy has 
a better meal response than closed-loop 
therapy, as the insulin is given prior to the 
subject eating. In closed-loop therapy, 
insulin is not delivered until the blood 
glucose begins to rise after eating, leading 
to a delay in insulin action. It is for this 
reason that some have suggested using a 
hybrid approach where a portion of the 
meal bolus is given prior to eating and the 
remaining insulin is determined by the 
closed-loop system. This hybrid approach 
can improve meal glycemic control (7). 
However, in the case of young children it 
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is very difficult to predict how much food 
they are going to eat at an individual meal 
and thus how much insulin to deliver. Pa- 
rents often divide the meal bolus, giving a 
small portion in advance and the remainder 
postprandially. However, even this ap- 
proach can prove difficult to implement 
safely and can result in hypoglycemia 
when the child eats significantly less than 
anticipated. A reactive closed-loop insulin 
algorithm can prevent these episodes from 
occurring and could serve a great clinical 
need in these young children. Another pos- 
sible hybrid closed-loop approach is to 
give a noncommittal insulin bolus prior to 
the meal. This bolus could improve the 
postprandial hyperglycemia, but if the sub- 
ject decides not to eat at all the controller 
could still prevent hypoglycemia by reduc- 
ing future basal delivery. Alternatively, a 
partial meal bolus could be given postpran- 
dially after the parents witness how much 
the child eats — similar to current practice in 
young children. Either of these approaches 
will speed up insulin delivery, allowing for 
improvement in the meal response and 
then allowing the hybrid closed-loop sys- 
tem to deliver the remainder of the neces- 
sary insulin. Of course, these approaches 
require input from the patient or parent 
and thus increase the burden of the system. 
Finally, other groups have experimented 
with including glucagon in a closed-loop 
system to prevent hypoglycemia. The inclu- 
sion of glucagon can potentially allow for 
more aggressive up-front insulin delivery, 
as the glucagon can counteract the effects 
of overdelivery of insulin and prevent post- 
prandial hypoglycemia (3,24). While this 
approach is quite appealing at some level, 
there are a number of technical challenges 
to a dual hormonal system such as a sub- 
stantial increase in the complexity of the 
system, manufacturing of a dual-chamber 
pump, and a stable formulation of gluca- 
gon, all of which have yet to be resolved. 

Our study has a number of limita- 
tions. It was performed in an inpatient 
setting on a limited number of individu- 
als, and the subjects' activity levels were 
much lower than their typical daily rou- 
tine. Yet to be determined is how a closed- 
loop system will deal with the day-to-day 
variability in young children's activity lev- 
els and eating patterns. Additionally, our 
closed-loop arm was implemented man- 
ually as opposed to on a fully automated 
system. This allowed for physician 
oversight of every dose but limited the 
frequency of adjustments overnight. Sub- 
jects' insulin management was not opti- 
mized prior to entry into the study. 



However, it is quite difficult to optimize 
insulin basal rates in young children, and 
70% of subjects had A1C levels within 
the American Diabetes Association target 
range, indicating that they were relatively 
well controlled. Finally, our study in- 
cluded a midmorning snack, as is routine 
for children in this age-group. This snack 
may have played a role in preventing 
postbreakfast hypoglycemia due to ag- 
gressive insulin delivery. Additional 
studies will be needed to validate the im- 
proved prelunch blood sugars with 
closed-loop therapy without hypoglyce- 
mia in the absence of a midmorning 
snack. 

In conclusion, we performed the first 
study of closed-loop insulin therapy in 
children aged <7 years. Closed-loop 
therapy decreased nocturnal hyperglyce- 
mia and improved prelunch blood sugars. 
The development of a fully closed-loop 
system is critical for improving the well- 
being of patients with type 1 diabetes. We 
believe that young children are especially 
difficult to manage with standard diabetes 
therapy because of high risk of nocturnal 
hypoglycemia, erratic activity, and unpre- 
dictable eating patterns and will benefit 
significantly from closed-loop therapy. 
Additional research is needed in this un- 
derrepresented patient population. 
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